
© 2014 SunPower Corporation   

SPI 2014 
Overview of the Proposed PV Quality 
Management System 
 

Task Group 1- Govind Ramu  
SunPower Corp., San Jose, CA 



  2  © 2014 SunPower Corpora tion |   

About the Presenter 

 Director of Globa l Quality Managem ent System s, SunPower Corp . 

 More  than  25 years of expe rience  im plem enting qua lity 
m anagem ent system s in  various globa l loca tions from  various 
industry sectors 

 US TAG TC 176/SC2 participa ting m em ber for ISO 9001:2015 
standards 

 Expert on  IEC TC 82 WG 2- Sola r photovolta ic ene rgy system s- 
Modules- non  concen tra ting 

 • A licensed  p rofessiona l enginee r in  the  p rovince  of Ontario , Canada , m echan ical enginee ring 
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ISO 9001 Quality Management System Requirements 

 More  than  25 years of evolu tion  since  its incep tion  in  1987.  

 Covers gene ra l and  founda tiona l qua lity m anagem ent requ irem ents 
app licab le  to  any industry or se rvice  sectors 

 ISO 9001 is now a  con tractua l requ irem ent for m any organ iza tions 
worldwide , often  p re requ isite  for b idd ing new tende rs 

 

 

 
 

ISO 9001 is im plem ented  in  ove r m illion  organ iza tions worldwide  
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Types of System Audits 

 First pa rty audit: Organiza tion  use  the  standard  to  ve rify 
com pliance . Also  known as In te rna l qua lity system s audit 

 Second party audit: Organiza tion  use  the  standard  to  ve rify 
com pliance  of the ir supplie rs qua lity system s 

 Third  party audit: An independent organiza tion  (registra r) ve rify 
com pliance  to  the  standard  to  issue  ISO 9001 ce rtifica te  for a  clien t 

 An accred ita tion  body audits the  registra rs to  ve rify the ir ab ility to  
issue  ISO 9001 ce rtifica te s 

Audit ve rify com pliance  to  standard , organ iza tion’s QMS, 
an  its  e ffectiveness. 
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Certification Process 

 Stage  1 aud it- Registra r aud itors ve rify com pliance  to  
the  standard  as a  desk aud it and  review overa ll QMS 
fram ework 

 Stage  2 aud it- Registra r aud itors ve rify com pliance  to  
the  standard  by aud iting p rocesses covered  in  the  
scope  of registra tion  

 Once  ce rtifica te  is issued , registra rs conduct pe riod ic 
su rve illance  aud it annually, conduct rece rtifica tion  
aud it eve ry 3 years 

Due  d iligence  a ll the  way 



Highlights of QMS 
Requirements for  
PV Module  Manufacturing- Task 
Group 1 
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Why Industry specific standard? 

 Generic na ture  of ISO 9001 requ irem ents 

 Inconsisten t use  of “Exclusion” clause  from  ISO 9001users 

 No requirem ents to  app ly specific p roven  contro ls (FMEA, Contro l Plan , 
SPC, Mistake  proofing, e tc.) 

 Requirem ents not addressing PV industry specific expecta tions 

ISO 9001 a lone  m ay not be  adequate  to  address industry 
specific requ irem ents 
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Industry Specific QMS Standards Started from Mid-1990s 

 TS 16949- Autom otive  

 AS9100- Aerospace  

 ISO 13485- Biom edica l 

 TL 9000- Te lecom m unica tion  

 Service  sectors a re  a lso  deve lop ing QMS standards to  address specific 
requ irem ents. 

 Best Practices from  industrie s: 

 Telecom - Metrics subm ission  and  reporting (Double  b lind  p rocess) 

 Supply Chain  Practices in  Aerospace  

 Production  Part Approva l Process (PPAP) in  Autom otive . 

Other industry sectors a re  ve ry successfu l in  deve lopm ent 
and  dep loym ent of standards 
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PV QMS Standard Development Timeline 

July  
2011 

 July 
2011 

Sep  
2011 

Oct  
2013 

Feb  
2014 

International PV 
Module QA 
Forum 
San Francisco 

Highlighted the need to 
strengthen the QM 
program used by the PV 
module manufacturer, 
conclusion was to adopt 
the two primary goals and 
form the five Task Groups. 

The International PV 
Module Quality 
Assurance Task Force 
was formed – 5 Task 
groups formed, Task 
Group 1- Responsible for 
PV QMS. 

Task Group #1 
began to write a 
PV-specific version 
of ISO 9001 
supplementary 
requirements . 

National 
Committees of 
IEC TC82 WG2 as 
the New Work 
Item Proposal 
82/800/NP. 

PV Module 
Reliability 
Workshop 
Golden, Denver 

Dec 
2010 

METI 
approaches 
DOE toward 
international PV 
QA effort 

Oct 
2014 

Submission of 
CD Comments 
to IEC 
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• PV m odule’s design  to  a lign  the  expected  life tim e  

• Product rea liza tion  tha t includes appropria te  ce rtifica tion , qua lifica tion , includ ing both  
type  approva l and  sa fe ty te sting 

• Product traceab ility th rough  the  en tire  supp ly and  de live ry cha in  

• Ongoing, pe riod ic m onitoring p rogram  to  ensure  consistency of a spects of m anufactu ring 

• Specia l Process con tro ls 

• Power ra ting to le rance  

• Resource  Managem ent 

• Closed  loop  lea rn ing from  fie ld  in form ation  

• Supplie r Managem ent  

• Manufactu ring and  te sting 

• Process aud iting 

• Use  Sta tistica l m e thods, sam pling 

PV QMS Key requirements 
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PV QMS Requirements 

• A method for selection of vendors that can provide quality materials or products 

• Receiving inspection and/or testing such as statistical sampling based on 
performance. 

• Ensure that the supplier maintains product quality consistently, and will notify and 
seek approval when there is any change of products, process, manufacturing location 
or significant process excursion that may affect form, fit, function, reliability or 
performance 

• Controls: 
– Periodic supplier audits 

– Performance monitoring 

– Traceability requirements 

. 
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• Assignm ent of PV m odule  power ra ting with  a llowed  to le rance  includ ing 
m easurem ent uncerta in ty 

• Controls: 
– De te rm ine  param e te r se ts for the  accep tance  tole rance  

– De te rm ine  m easurem ent unce rta in ty 

 

 

PV QMS – Power Rating 
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PV QMS Requirements - Traceability 

• Requirement to improve product traceability through the entire 
supply and delivery chain to enact positive control of the product 
for recalls and warranty claims 

• Controls: 
– constituent key materials and components 

– lot/batch level 

– Traceable to supplier, date, Mfg. location 

– Traceable to Internal processes, process conditions, equipment 

– Traceable to operators (manual processes) 

– Reworked/repaired products 
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PV QMS Requirement – Design controls 

• Focus on the organization’s control of the PV module’s design to 
align the expected lifetime with its relationship to the organization’s 
warranty 

• Controls: 
– Design FMEA 

– Reliability testing, periodic testing, Long term outdoor testing, etc. 

– Lessons learned  

– Closed loop learning 
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Design at the Source:  Factor of 10 Thumb Rule 

The cost of addressing reliability issues increases tenfold as you 
move through the development process 

Courtesy: SunPower Corporation – New Employee Orientation material 
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PV QMS Requirements - Certification 

• A product realization that includes appropriate certification (e.g. IEC 
qualification, including both type approval and safety testing), a 
design lifetime that enables alignment with warranty 

• Controls: 
– Design FMEA/ Risk assessment 

– Internal/external testing and qualification 

– Certification  

– Warranty modeling 

– Customer return FA 
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PV QMS Requirements - Reliability 

• An ongoing, periodic monitoring program to ensure consistency of 
aspects of manufacturing that may affect safety, performance, and 
reliability 

• Controls: 
– Control Plan 

– Statistically adequate sampling 

– Reliability Monitoring Program (RMP) 

 

 

 



  
19 © 2014 SunPower Corpora tion  |   

PV QMS – Special Processes 

• Special processes such as control of solder connections 

• Control of processes for ESD protection  

• ESD- Electrostatic Discharge (ESD) safe environment at the raw 
material storage, processing, assembly areas, as appropriate 

• Controls: 
– Process qualification, critical controls identification, operator qualifications 

– Software validation 

– ESD Program audit 
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PV QMS – Resource Management 

• Resources needed to maintain the product warranty system, 
product reliability measurements, provision of after-sales service 

• Succession planning for key functions that affect customer, quality 
reliability, safety and performance 

• Controls: 
– Product warranty database management system 

– Technical support resources 

– Succession planning, periodic review 
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PV QMS Requirements 

• Previous failure information incorporated into the requirements of 
the QMS 

• Controls: 
– Failure information database management 

– Closed loop learning 

– Updated DFMEA, Design Review 
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PV QMS Requirements – manufacturing and testing 

• Routine tests on 100% of product to ensure consistency of initial quality 

• Manufacturing feasibility at the necessary scale, including risk analysis  

• Control plan for solar simulators and how they are used in the performance 
rating of modules 

• Controls: 

– Process FMEA 

– Control Plan 

– Measurement System Analysis – uncertainty calculations 
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9001 Vs PV QMS- Product- Process- System  Audits 

Product  Audit  
(PV QMS) 

Process Audit   
(PV QMS) 

Syst em  Audit  (E.g. ISO 9001) 
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PV QMS 

• Use appropriate statistical tools and statistically significant sample 
sizes to make decisions that affect quality of process and products at 
all stages of the lifecycle 

• Use of error proofing, Statistical process Control, control plan, Failure 
mode effects analysis, and 8 Discipline  m e thodology to  bu ild  PV 
m odules with  consisten t qua lity and  re liab ility 

• Controls: 
– Process FMEA 
– Poke  Yoke  
– Control Plan   
– SPC 
– 8D m ethodology  
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What is next in ISO 9001 (2015)? 

 Standard  becom ing m ore  generic to  ca te r a ll industry types includ ing 
se rvice  sector.  Mandatory docum enta tion  requ irem ents  for som e  process 
go  away (Even  m ore  so  why we  need  PV Industry specific QMS!) 

 Risk based  th inking-leveraged  with  leadersh ip  m anaging risks when  m aking 
organ iza tiona l decisions. (add ing good  foundation) 

 Knowledge  Managem ent (a ligns with  closed  loop  learn ing in  PV QMS) 

 Specific requ irem ents for adopting the  p rocess approach*. (add ing good  
foundation  to  p rocess aud its) 

(Standard  curren tly a t d raft stage . Standard  expected  by Sep  2015) 

*See  appendix 
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PV QMS future Possibilities 
(Brainstorm ideas) 

 PV design , m anufactu ring and  se rvice  m e trics pe riod ic subm ission  to  a  ve tted  th ird  
party for ana lysis and  pub lica tion  of Best in  class, top  decile , m ed ian  va lues (with  
anonym ity- doub le  b lind  p rocess) for industry benchm arking 

 PV QMS extended  to  supp lie rs of “key m ate ria ls” ( Sim ila r to  PPAP from  Autom otive  
industry) 

 PV QMS transition  to   PV IMS “In tegra ted  Managem ent system ” to  include  
Environm enta l, occupa tion  hea lth  and  sa fe ty requ irem ents for PV m anufactu ring 

 Graded  approach  to  PV QMS aud it ou tcom e  based  on  m aturity leve ls. Aud its go 
beyond  com pliance  

 Exchange  of ep idem ic fa ilu re  in form ation  by PV technology 

 Benchm ark QMS practices with  othe r we ll e stab lished  industry sectors (e .g. 
Autom otive , Te lecom , Aerospace ) 
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